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Epx. Mail No. EM 377 154 783 US 5586/PD-5517 
LIQUID CRYSTAL DISPLAY 

BACKGROUND OF THE INVENTION 
Field of the Inve ntion; 

- — ■ * 

The present invention relates to a liquid crystal display 
(LCD) utilizing the electro-optical anisotropy of liquid 
crystal, and in particular, to. an LCD for achieving a high 
aperture ratio and a wide viewing angle. 

Description of the Prior Art: 

' The LCD is ^vantageous in that it is small and light- 
weight, and has low power consumption. it is thus put into 
practical use in such fields as in OA and AV equipment, in 
particular, the active matrix type which* uses a thin film 
transistor (TFT, for the switching element can, in principle, 
perform static drive of 100% duty ratio in a multiplexed 
manner, and is used for large screen, animation displays. 
Figs. 1 and 2 show the structure of a unit pixel for a 

conventional LCD: Fia 1 i« a «i = • 

' "* 1 1S * plane; view, and Fig. 2 is a 

cross-sectional view along the line F-F in Fig. 1. A 
substrate 200 made of glass, etc., is provided, and a gate 
electrode 20! made of Cr„ etc , and a gate line 202 made of 
Cr, etc., are formed thereon. , Gate line 202 integrally • 
connects a row of gate electrodes 201 aligned in the same row 
direction. Covering th^m, a gate insulation fil m 203, made of 



Si 3 N,, etc., is formed. On gate insulation film 203, there is 
formed an island-like amorphous silicon (a-Si) layer 204 in a 
region corresponding to gate electrode 201. The a-Si layer 
204 will act as an operating layer for the TFT. Amorphous 
silicon regions doped with impurities, are formed at both 
ends of a-Si layer 204 creating (ITa-si) layers 206 to act as 
contact layers. Between a-Si layer 204 and (N*a-Si) layers 
206, an etching stopper 205 made of Si 3 N 4 is formed as 
required for structural reasons. Further, on (N*a-Si) layers 
206, there are respectively disposed a source electrode 207 
and a drain electrode 208 both made of material having a 
high-melting point, such as Al/si, etc. In regions other 
than a TFT region on gate insulation film 203, a pixel 
electrode 210 is formed, made of Indium Tin Oxide (ITO) 
which is transparent and conductive. Further, a drain line 
209 is also provided for integrally connecting a column of 
drain electrodes 208 aligned in the same column direction. 
Covering all of the components mentioned above, an alignment 
layer 211 made of a polymer film, such as polyamide, is 
formed. Alignment layer 211 is subjected to predetermined 
rubbing processing for controlling the initial orientation of 
liquid crystal molecules. On alignment layer 211, a liquid 
crystal layer 230 is formed, on which another glass substrate 
220 is disposed opposing substrate 200. A common electrode 
211 made of ITO is formed on the entire surface of glass 
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substrate 220, opposing substrate 200. Common electrode 221 
is covered by an alignment layer 222 made of polyamide, etc', 
which is subjected to rubbing processing. 

Liguid crystal is a nematic phase having, for instance, 
positive anisotropy of dielectric constant. When it is used 
for an LCD, a twist nematic (TN) mode is employed in which 
orientation vectors of liguid crystal molecules are twisted 
by 90 degrees between the top and bottom substrates 200, 220. 
A polarizing plate (not shown) is generally provided outside 
each substrates 200/220 such that, in the TN mode, a 
polarizing axis thereof matches a rubbing direction of 
alignment layer 211/222 on corresponding substrate 200/220. 
Thus, when no voltage is applied, linearly polarized light - 
incoming through one of the polarizing plates proceeds within 
liguid crystal layer 230 while revolving along the twisted 
orientation of the liquid crystal molecules, until it comes 
out from the other polarizing plate. The LCD then displays 
white, on the other hand, a predetermined voltage is applied 
between pixel electrode 210 and common electrode 221, and an 
electric field is formed in liquid crystal layer 230, so that 
liquid crystal molecules change their orientation due to 
their dielectric constant anisotropy such that their long 
axes become parallel to the electric field. As a result, the 
twisted orientation of the liquid crystal molecules is 
destroyed, and incoming linearly polarized light is thus 



forced to stop revolving in liquid crystal layer 230. Then, 

♦ ■ 

only a reduced amount of light comes out from the other 
polarizing plate, resulting in a gradual change of a 
displayed color to black. The above mode in which an LCD 
displays white with no voltage applied and black with voltage 
applied is referred to as a normally-white mode, which is 
mainly employed for TN cells. 

Another example is a DAP (deformation of vertically 
aligned phases) -type LCD which uses a nematic phase having a 
negative anisotropy of dielectric constant for an LCD, and a 
vertical alignment layer for DAP orientation films 211, 222. 
A DAP-type LCD, which is one example of those employing 
electrically controlled birefringence (ECB), utilizes a 
difference in a refractive index between a long axis and a 
short axis of liquid crystal molecules, i.e., birefringence, 
for controlling transmission and displayed colors. For this 
type, a polarizing plate is formed in a crossed Nicols 
arrangement outside each of substrates 200, 220. when 
voltage is applied, linearly polarized light introduced via 
one of the polarizing plates is converted into elliptically 
polarized light via birefringence in liquid crystal layer 
230. The retardation of this elliptically polarized light, 
i.e., the difference in phase speed between ordinary and 
extraordinary ray, is controlled according to the strength of 
electric fields generated in liquid crystal layer 230, 



wherein the strength of the electric fields are determined 
depending on a voltage applied to liquid crystal layer 23. 
Then, colored light as desired will come out from the other 
polarizing plate on the LCD at a desired transmission 
according to the controlled retardation amount. As 
described above, an LCD obtains a desired transmission or 
displays desired hues by controlling light revolution or 
birefringence in liquid crystal. This controlling is 
effected by applying a desired voltage to liquid crystal 
which is sandwiched by a pair of substrates having 
predetermined electrodes formed thereon. In other words, in 
a TN mode, the strength of transmitted light can be 
controlled by controlling a retardation amount by changing 
the orientation of liquid crystal molecules. m an ECB mode, 
hue separation is also achieved by controlling the strength 
of transmitted light, which depends on wavelength, a 1 
retardation amount depends on an angle formed by a long axis 
of a liquid crystal molecule and the direction of an electric 
field generated in the liquid crystal. However, even if this 
angle is primarily controlled by adjusting electric field 
strength, a relative retardation amount will vary depending 
on an angle at which an observer views the LCD, i.e., a 
viewing angle. As viewing angle varies, the strength or the 
hues of transmitted light also changes. This is a problem of 
view angle dependency of an LCD. 



SUMMARY OF THE INVENTION 
This invention has been conceived to overcome the above' 
problems and aims to provide a liquid crystal .display for ' 
achieving a wider viewing angle through appropriate control 
of the orientation of liquid crystal molecules. 

In order to achieve the above object, according to one 
aspect of the present invention, there is provided a liquid 
crystal display comprising a first substrate including a 
plurality of pixel electrodes arranged in a matrix for 
driving a liquid crystal; a thin film transistor having a 
drain electrode, a gate electrode, a semiconductor layer, and 
a source electrode connected to corresponding one of the 
plurality of pixel electrodes; a gate line connected to the 
gate electrode; and a drain line connected to the drain 
electrode; a second substrate disposed opposing the first 
substrate having a liquid crystal layer in between, wherein 
the plurality of pixel electrodes are formed on an inter- 
layer insulation film which has been formed covering the thin 
film transistor, the gate line, and the drain line; a common 
electrode for driving liquid crystal is formed on the second 
substrate; and an orientation control window of a 
predetermined pattern is formed to have no common electrodes 
formed in a region opposing each one of the corresponding 
plurality of pixel electrodes. 

With this arrangement, a liquid crystal layer is situated 



away from a TFT and associated electrode lines. This 
distance between the former and the latter results in 
protecting a weak electric field around the orientation 
control window and an electric field sloped around the edges 
of a pixel electrode against the influence of electric fields 
generated by the TFT and lines. Then, the orientation of 
liquid crystal molecules dan be controlled secondarily in a 
preferable manner through these sloped electric fields . To 
be more specific, variation in a retardation amount for the 
entire pixel can be suppressed in a structure which has been 
designed such that increase or decrease of a retardation 
amount at respective points inside a pixel is offset despite 
varied viewing angle. This structure can be achieved, 
utilizing the fact that the horizontal orientation of liquid 
crystal molecules in a pixel is determined according to the 
shape of the orientation control window. Moreover, since the 
above arrangement is effective in keeping the diagonal 
electric fields free from disturbance, it is possible to 
perform effective controls around the edges of a pixel 
electrode and an orientation control window. Therefore, 
preferable pixel dividing and a wider angle of visibility are 
realized. 

in particular, an inter-layer insulation film is formed 
to have a thickness a of O.S^m, preferably l/.m or more. 
Alternatively, the thickness a is defined to be at least half 
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a distance X between two adjacent pixel electrodes. 

With an inter-layer insulation film of the above 
thickness, a TFT and associated electrode lines do not affect 
a liquid crystal layer through electric fields , Then, the 
orientation of liquid crystal molecules can be effectively 

secondarily controlled through sloped electric fields 
generated in the liquid crystal layer around the edges of an 
orientation control window and a pixel electrode. 

In one aspect, a pixel electrode is formed in a region 
defined by the gate and drain lines, overlapping, via the 
inter-layer insulation film, with the gate line and /or the 
drain line. 

That is, separated by an inter-layer insulation film, a 
Pixel electrode is situated in a different layer from that of 
gate and drain lines, having a sufficient interval between 
them. This allows provision of a pixel electrode overlapping 
with the gate and drain lines so that a larger display region 
and an increased aperture ratio can be secured. 

in another aspect, at least apart of a TFT and gate and 
drain lines are disposed below a pixel electrode having an 
inter-layer insulation film in between them. 

With this arrangement, the orientation of liquid crystal 
molecules can be Kept free from disturbance due to the 
influence of electric fields caused by the TFT and lines on 
the liquid crystal. 



In another aspect, a TFT and gate and drain lines are 
situated, being projected from a region corresponding to the 
bottom of a pixel electrode by an extent y, wherein half of 
the extent y is equal to or less than a thickness a of the 
inter-layer insulation film, or half of an interval X between 
two adjacent pixel electrodes. 

The projected TFT and associated lines as above do not 
cause any difference in the effect in eliminating the 
influence of the electric fields caused by the TFT and lines 
on the liquid crystal. 

In another aspect, an orientation control window is 
formed in a region opposite to a pixel electrode, for 
instance, along the diagonal line of the pixel electrode. 
Alternatively, it is shaped substantially like the letter X 
such that its crossing point falls on the opposing region 
corresponding to around the center of the pixel electrode . 

With either arrangement, when a voltage is applied 
between a common electrode and respective pixel electrodes, 
electric fields are generated in the sloped direction around 
the edges of the orientation control window and the pixel 
electrode without receiving adverse influence from electric 
fields which have been generated by the electrodes and lines 
situated below. As a result, liquid crystal molecules can be 
easily controlled to have appropriate orientation. 

in another aspect, an orientation control window is formed 
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including a linear part extending straight and substantially 
in parallel to any of the edges of a pixel electrode, and 
branch parts extending continuously from both ends of the 
linear part toward respective corners of the pixel electrode, 
wherein the linear part is formed on a region opposing a 
region around the center of the pixel electrode, with this 
arrangement, the orientation of liquid crystal molecules can 
be controlled to be in a. further appropriate condition. 

BRIEF DES CRIPTION OF THE DRAWINGS 
The above and the other objects, features, and 
advantages, will become further apparent from the following 
description of the preferred embodiments taken in conjunction 
with the accompanying drawings wherein: 

Fig. 1 is a plane view showing the structure of a unit 
pixel for a conventional LCD; I 

Fig. 2 is a cross-sectional view along the line F-F in 
Fig. 1; 

Fig. 3 is a plane view showing the structure of a unit 
Pixel for an LCD according to a first preferred embodiment of 
the present invention; 

Fig. 4 is a cross-sectional view along the line A-A in Fig. 

3; 

Fig. 5, Fig. 6, and Fig. 7 are cross-sectional views 
showing equipotential lines and orientation of liquid crystal 
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molecules in a liquid crystal cell in the vicinity of a gate 
line; 

Fig. 8 shows transmission at points along the edges of * 
pixels on a gate line side; 

Fig. 9, Fig. 10, and Fig. U are cross-sectional views 
showing eguipotential lines and orientation of liquid crystal 
molecules in a liquid crystal ceil in the vicinity of a drain 
line; 

Fig. 12 shows transmission rate at points along the edges 
of pixels on a drain line side; 

.Fig. 13 is a plane view showing the structure of a unit 
Pixel for an LCD according to a second preferred embodiment 
of the present invention; 

Fig. 14 is a cross-sectional view along the line A-A in 
Fig. 13; 

Fig. 15 shows approximate orientation of liquid crystal 
molecules in a driven state within one unit pixel having the 
structure shown in Fig. 13 ; 

Fig. 16 is a plane view showing the structure of a unit 
pixel for an LCD according to a third preferred embodiment of 
the present invention; 

Fig. 17 is a cross-sectional view along the line C-C in 
Fig. 13; 

Fig. 18 is a cross-sectional view along the line D-D in 
Fig. 13; 

II 



Fig. 19 is a cross-sectional view along the line E-E in 
Fig. 13; 

Fig. 20 is a cross-sectional view showing equipotential 

lines and orientation of liquid crystal molecules in a liquid 
crystal cell; 

Fig. 21 is a plane view showing the structure of a unit 
Pixel for an LCD according to a fourth preferred embodiment 
of the present invention; and 

Fig. 22 shows approximate orientation of liquid crystal 
molecules in a driven state within one unit pixel having the 
structure shown in Fig. 21. 

DESCR IPTION OF THE PRE FERRED EMBODIMENTS 
Embodiment 1 

Figs. 3 and 4 show the structure of a unit pixel for an LCD 
according to a first embodiment of the present invention 1 . 
Fig. 3 is a plane view; Fig. 4 is a cross-sectional view 
along the line A-A in Fig. 3 . A transparent substrate 10 
made of glass, etc., is provided. On substrate 10, a 
conductive film made of Cr, etc., is formed in a 
predetermined shaped to have a thickness of 1500A by means of 
etching using photo-lithography, whereby a gate electrode i 1 
and a gate line 12 are constituted, a gate line 12 
integrally connects a row of gate electrodes 11 aligned in 
the same row direction. Covering the whole of substrate 10, 
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a SijN, or sio, layer is formed having a thickness of 2000 A to 
4000 A by means of CVD to thereby constitute a gate insulation 
film 13. on gate insulation film 13, an a-si layer 14 is 
formed in a region corresponding to gate electrode 11, so 
that it will act as an operating layer for the TFT. 
Amorphous Si regions doped with impurities are formed at both 
ends of a-si layer 14 so as to obtain ohmic characteristics, 
forming (N'a-Si) layers 16. Between a-Si layer 14 and <H*a- 
Si) layers 16, an etching stopper 15 is formed, made of 
(Si,N 4 ). 

These a-Si layer 14, (N'a-Si) layer 16, and etching stopper 
15 are formed as follows. After gate insulation film 13 has 
been formed by means of CVD as mentioned above, an a-si layer 
and a Si 3 ^ layer are successively formed thereupon in this 
order by means of CVD. The obtained Si 3 N 4 layer is then 
etched to become an etching stopper 15. Subsequently, after 
a (N-a-Si) layer has been formed by means of CVD on the layers 
already formed, the a-Si and (N'a-Si) layers are collectively 
etched into the same shape, namely, the island-shape of a 
TFT. The etched a-Si and .(H*a-Si,. layers become an a-Si layer 
14 and a (N*a-Si) layer 16, respectively. 

Following the above, Al/si is sputtered onto the layers 
formed thus far until it has an accumulated a thickness of 
700/1000A. The obtained Al/Si layer is etched into a 
predetermined pattern to thereby constitute a source 
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electrode 17 and a drain electrode 18, which are connected to 
respective (ITa-Si) layers 16. with the above, a TFT has been 
constituted, m addition to the above, a drain line 19 is 
provided, intersecting gate line 12, for integrally 
connecting a column of drain electrodes 18 aligned in the 
same column direction. 

Covering all of the above members, a Si,^ or Sio, film 
having a thickness of 1 to 5pm is formed over the entire 
substrate 10. This film will act as an inter-layer 
insulation film 20. a contact hole 21 is formed in inter- 
layer insulation film 20 by etching, so as to pass 
therethrough. 

Further, a region enclosed by gate lines 12 and drain lines 
19 on inter-layer insulation film 20 is sputtered with ITO, 
and the ITO is then etched into a pattern shown in Fig. 3, to 
become a pixel electrode 22. Pixel electrode 22 is connected 
to source electrode 17 through contact hole 21. Note that 
pixel electrode 22 is formed extending above drain line 19 
and the TFT, having inter-layer insulation film 20 in between 
them. 

Covering inter-layer insulation film 20 and pixel electrode 
22, an alignment film 22 made of polymide, etc., is formed. 
Rubbing the surface of alignment film 22 in the direction 
from upper right to lower left results in controlling liquid 
crystal molecules to have uniform initial orientation. 
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On a first substrate (a TFT substrate) having the above 
structure, a second substrate (an opposing substrate) made of 
transparent material, such as glass, is disposed opposing the 
first substrate, and a liquid crystal layer 40 is formed 
between the first and second substrates. On the surface of 
the, second substrate facing the first substrate, a common 
electrode 31 made of ITO is formed covering most of the 
second substrate, a band region having no electrode formed 
therein is made by means of etching the common electrode 31 
in the region corresponding to pixel electrode 22. This band 
region, constituting an orientation control window 32, 
spreads in the diagonal direction of the pixel, similar to 
the first substrate side, the surface of the second substrate 
having common electrode 31 formed thereon is covered by an 
alignment film 33 made of polymide, etc. The surface of film 
33 is also rubbed in the direction from bottom right to upper 
left to impart uniform initial orientation to liquid crystal 
molecules. Also, for an LCD in the normally-white mode, 
orientation control window 32 is covered by a light-shielding 
film 41 made of Cr, etc., on the second substrate side, a 
layer 41 is also provided to cover gaps between pixel 
electrodes 22. Covering these light-shielding layers 41, 
inter-layer insulation film 42 is formed, and the above 
mentioned common electrode 31 is formed on this inter-layer 



insulation film 42. 
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Particularly in the TN mode, rubbing directions for 
alignment films 23, 33 are defined so as to be orthogonal to 
each other/ so that liquid crystal molecules are arranged* 
twisted by 90 degrees between the two films 23, 33. The 
outsides of both substrates 10, 30 are covered by polarizing 
Plates (not shown) such that polarizing light axes thereof 
match to respective rubbing directions. 

in a pixel cell in which an orientation control window 32 
is formed traversing the pixel from upper right to lower left 
as shown in Fig. 13/ the rubbing direction for alignment film 
33 on the second substrate side is defined as traversing the 
Pixel from upper left to lower right, i.e., orthogonal to the 
extended line of alignment control window 32 in the 

longitudinal direction with +.h,-« 

Wltn thls arrangement, when voltage 

is applied and an electric field is thus generated in a 
sloped direction around the edges of orientation control ' 
window 32, liguid crystal molecules nearby will rise, moving 
in the shortest distance, such that one end of their long 

axes becomes closer to the electric field direction, in 
other words, respective liguid crystal molecules are inclined 
to„a rds th e nearest edge Qf the £our £dges Qf windQw ^ 

Liguid crystal molecules are resultantly inclined in the 
opposite directions between both sides of the window 32. 

On the first substrate side, electric fields are generated 
in the sloped direction around the edges of pixel electrode 
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22 when a voltage is applied. Due to these electric fields, 
liquid crystal molecules in the neighborhood of the 
respective edges of pixel electrode 22 rise such that their 
outer ends are lifted. This movement results in molecules 
having opposite ends lifted between the upstream side and the 
downstream side of the rubbing direction. 

As described above, opposite ends of Lc molecules are made 
to rise between both sides of orientation control window 32, 
having the window 32 as a boundary, on the second substrate 
side, m the liquid crystal corresponding to the window, the 
initial orientation of the molecules is maintained since 
there is a field-free region or a region around which only a 
week electric field is generated, wherein the weak electric 
field has a lower voltage that which is necessary to drive 
liquid crystal molecules. In other words, horizontal 
orientation of liquid crystal molecules becomes opposite 1 
between the two sides, so that pixel dividing is achieved. 
This enables a wide viewing angle. Note that regions where 
liquid crystal molecules rise against a pre-tilt angle 
^parted through rubbing are referred to as a reverse tilt 
domain. 

As described above, in the structure shown in Figs . 3 and 
4, the orientation of liquid crystal molecules is secondarily 
controlled through electric fields generated in the sloped 
direction around the edges o, pi xel electrode 22 and 
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alignment control .window 32, so that pixel dividing is 
achieved, m particular, these electric fields are not 
disturbed by a voltage difference between pixel electrode 22 
and gate electrode, drain electrode, and associated lines 11 
12, 18, 19 in a structure wherein the pixel electrode 22 is 
situated in an upper layer of the TFT having an inter-layer 
in between, in other words, the former is kept away from the 
latter. As a result, preferable pixel dividing can be 
achieved. 

As will be understood from the above, in the structure 
shown in Figs. 3 and 4, the influence on the state of display 
of an electrode and associated lines 11, 12, 18, 19 is 
determined according to the thickness of the inter-layer 
insulation film 20. 

Figs. 5 to 7 show the results of simulation as to 
orientation of liquid crystal molecules when the thickness a 
of inter-layer insulation film 20 is varied. In the 
drawings, eguipotential lines are shown by dotted lines; 
aligned liquid crystal molecules are shown by a solid thick 
line. The orientation of liquid crystal molecules depends on 
the shape formed by an eguipotential line. Pixel electrode 
(PX1) represents a pixel having an end in the vicinity of 
which molecules present normal orientation; pixel electrode 
(PX2 ) represents a pixel having an end in the vicinity of 
which a reverse tilt domain is caused. m simulation, a 
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driving voltage is applied between common electrode (COM) and 
respective pixel electrodes (PXl, PX2, to put a TN. phase ' 
liquid crystal layer in a driven state. The pixel electrode 
(PXl) is located toward one end of the gate line (GATE,, 
while the pixel electrode (PX2, is located toward the other 
end of the gate line (gate,. The interval between pixel 
electrodes (PX1, PX2, and gate line (GATE), or an inter-layer 
distance </?,= «,, is varied bet „ een tQ ^ ^ ^ „ ^ 

in the simulation. i„ addition, an interval between pixel 
electrodes (PX1, PX 2, u de f ined as twioe an inter _ layer 
distance 0g, that is, 2„m, 6pm, and 10 pm in Figs. 5, 6, and 
7, respectively. Hote that, in actual fact, gate insulation 
film 13 intervenes between gate line 12 and pixel electrodes 
22, which is, however, neglected here as its thickness is 
only one-tenth of the thickness a of inter-layer insulation 
film, in other words, the thickness a is considered to be 
substantially equal to an inter-layer distance ( /Jg=«) in 
the simulation. 

Referring to Pig. 5, the case of a relatively small inter- 
layer distance 0 g . i. e ., ifa> , reverse tilt domain (RT) ■ ^ 
caused on the pixel electrode «Px2, side, and the orientation 
(DM) of molecules is disturbed on the pixel electrode (PXl, 
side. This may be due to a large amplitude gate voltage, and 
electric fields generated by pixel electrodes (PXl, PX2 , are 
thus affected by an electric field generated by the gate line 
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(GATE) . 

Referring to Pig. 6,. although a reverse tilt domain (RT) is 
still caused on the pixel electrode (PX2) side, the 
orientation is less disturbed on the pixel electrode (PXl) 
side. This may be because an electric field generated by the 
gate li ne (GATE) has less affect as the inter-layer distance 
0q grows larger, such as 3pm in this example. 

Referring to Fig. 7, in which the inter-layer distance /3g 
is further widened to 5pm, the orientation (DIR) is further 
less disturbed on the pixel electrode (PXl) side, though a 
small reverse-tilt domain (RT) is still observed on the pixel 
electrode (PX2) side. 

Fig. 8 shows transmission bf a liquid crystal cell at 
points along the edges of pixel electrodes (PXl, PX2) and the 
gate line GATE when the inter-layer distance 0q is ip m , 3 pm, 
or 5pm. This result was obtained using a cell which is.' 
covered by a polarizing plate arranged in a crossed Nicols 
manner, a 10pm wide gate line (GATE) overlaps pixel 
electrodes (PXl, PX2 , at each respective ends by 3pm. The 
vertical axis indicates transmission up to 0.5; the 
horizontal axis indicates positional relationship viewed in 
the direction horizontally perpendicular to the longitudinal 
direction of the gate line (GATE). According to this 
drawing, transmission peaks, for 1pm, within regions 
corresponding to pixel electrodes (PXl, PX2). That is, a 



boundary between normal and reverse tile regions is formed in 
these corresponding regions, so that light goes through the 
liquid crystal via this boundary. In the case of 3pm, • 

» 

transmission is peaks in a region corresponding to the pixel 
electrode (PX2) at a point on a slightly outer side of the 
pixel than that in the case of lpm. No peak is observed for 
pixel electrode (Pxi). m the case of 5pm, transmission is 
peaked in a vicinity region the edge of the pixel electrode 
(PXI). This region, however, is overlapped with the gate 
line (GATE), and the state of the display is thus not 
affected, in the region of the pixel electrode (PX2), 
transmission peaks at positions on a further outer side of 
the pixel than in cases of 1pm and 3pm. This proves less 
influence on the state of display. 

Note that if pixel electrodes are situated apart from each 
other by an extent more than twice the inter-layer distance 
</?g=a), an electric field generated by the gate line (GATE) 
will act on the liquid crystal layer via the interval 
distance between the pixel electrodes (PXI, PX2 ) , creating 
larger influences. Simulation results will then naturally be 
worse. Pixel electrodes (PX 1, PX 2 ) must be positioned, 
separate from each other by at least 4 to 5pm due to layout 
restriction or a fine processing restriction. Thus, the film 
thickness a of inter-later insulation film 20 is preferably 
set as 3pm or more, referring to the results shown in Figs. 6 
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and 7, so that pixel electrodes 22 are desirably separated by 
6pm or more accordingly. 

Similarly, Figs. 9 to 11 show simulation results obtained 
while an inter-layer distance (/3g=a) between a drain line 
(DRAIN) and pixel electrodes (PX1, PX2 is changed to be lpm, 
3pm, or 5pm. The pixel electrode (PX1) is located toward one 
end of the drain line (DRAIN), while the pixel electrode 
(PX2) is located toward the other side of the drain line 
(DRAIN). in the drawings, eguipotential lines for respective 
cases are shown by dotted lines and liquid crystal molecules 
are shown by solid dashes. Orientation depends on the shape 
formed by eguipotential lines. Pixel electrode (PX1) 
represents a pixel having an end in the vicinity of which 
molecules present normal orientation; pixel electrode (PX2) 
is a pixel having an end in the vicinity of which a reverse 
tilt domain is caused. Referring to Fig. 9, a reverse tilt 
domain (RT) is caused in the region corresponding to pixel 
electrode (PX2) due to the influence of an electric field 
generated by the drain line (DRAIN). However, the 
orientation (DIR) is not significantly disturbed in the 
region for pixel electrode (PX1) as the liquid crystal layer 
is less affected by a drain voltage with an effective value 
smaller than that of a gate voltage. 

Referring to Fig. 10, a reverse tilt domain (RT) caused by 
an electric field generated by the drain line becomes smaller 
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than that observed in Fig. 9 in the region for pixel 
electrode <PX2). The orientation (DIR) is not disturbed at 
all in the region for pixel electrode (Pxi) . Referring to 
Fig. 11, neither reverse tilt domain nor disturbance in 
orientation is recognized in the regions for pixel electrodes 
(PXI, PX2). 

Fig. 12 shows transmission of a liquid crystal cell at 
points along the edges of pixel electrodes (PXI, PX2) and the 
drain line (DRAIN) when an inter-layer distance (fig) is l^m, 
3W, and 5^m. The vertical axis indicates transmission up to 
0.5; the horizontal axis indicates positional relationship 
viewed in the direction vertical to the longitudinal 
direction of the drain line (DRAIN). For i m . transmission 
peaks in a region corresponding to pixel electrode (PX2 ) , 
most of which is overlaps the drain line (DRAIN,. For 3 „m 
and 5„ni, a region where a peak is observed on the pixel 1 
electrode (PX2) side completely overlaps with the drain line 
(DRAIN) , and the state of display is thus not affected at 
all, as light having transmitted therethrough is cut-off by 
the dr ain line (DRAIN) . On the pixel electrode (PXI) side, a 
position for peaked transmission completely overlaps the 
drain line (DRAIN), and the state of display is thus not 
adversely affected. 

Based on the above, it may be concluded that a structure 
having an inter-later insulation film 20 of i„ m or more 
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thick, particularly on a gate line side, is effective in 
obtaining a normal tilt region, as well as in leaving a 
reverse tilt region caused by electric fields . generated in 
the sloped direction around the edge of a pixel electrode. 
To be specific, when an interval between a pixel electrode 22 
and a gate electrode and associated lines 11, 12 can be kept 
sufficiently long by employing an inter-layer insulation film 
20 having thickness as above, liquid crystal molecules can be 
protected against disturbance to their orientation due to the 
influence of a gate voltage, securing a normal tilt region, 
and in addition, orientation control can be effectively 
performed around the edges of pixel electrode 22 through a 
diagonal electric field, leaving a reverse tile region. 
Further, when an orientation control window 32 is formed in 
common electrode 31, as shown in Figs. 3 and 4, and electric 
fields in the sloped direction are generated also thereabout, 
a reverse tilt domain is formed extending to orientation 
control window 32 in cooperation between controls around the 
edges of pixel electrode 22 on a gate line 12 side, and those 
inside a pixel region around orientation control window 32. 
As a result, the orientation of liquid crystal molecules 
differs between both sides of orientation control window 32 
(for instance, upper left and lower right sides of the window 
32 in Fig. 3). As described above, pixel electrode and a TFT 
and associated electrode lines, when separated in the 
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direction of the film thickness, allow effective orientation 
control around the edges of the pixel electrode. As a 
result, the orientation of liquid crystal molecules along the 
edges of a pixel electrode which are perpendicular to the 
average of the directions in which respective molecules are 
aligned can be easily controlled. Further, orientation 
control effected from both edges of a pixel electrode (22) on 
gate line sides is gradually taken over by controls effective 
around an orientation control window 32, as the window goes 
into the inner side of a pixel cell, until the boundary of 
different orientation is finally defined on the orientation 
control window. m this way, preferable pixel dividing is 
achieved. Note that an inter-layer insulation film 20 having 
a thickness of 0.5„m or more, instead of l^m as mentioned 
above, can similarly avoid disturbance to the orientation of 
liquid crystal molecules due to a gate voltage. 

in this embodiment, pixel electrode 22 is formed extending 
to a gate electrode 11, a drain electrode 18, and associated 
lines 12, 19. This structure allows securing a maximum 

display region within a region defined by respective 
electrodes and associated lines 11, 12, 18, 19, thereby 
significantly increasing an aperture ratio. a long inter- 
layer distance between pixel electrode 22 and gate and drain 
lines 11, 19 allows provision of pixel electrode 22 extending 
to those lines while the electric field in the liquid crystal 
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layer is not affected by the electric fields generated by 
those lines. Actual experimental results obtained showed a 
greater than 10% improvement in aperture ratio, compared to 
the prior art when using the above structure. 

Embodiment 2 

Figs. 13 and 14 show a structure of a unit pixel for an LCD 
according to a second preferred embodiment of the present 
invention. Fig. 13 is a plane view; Fig. 14 is a cross- 
sectional view along the line B-B in Fig. 13. Electrode 
arrangement is almost the same as that in the first 
embodiment. That is, a TFT substrate first substrate 
comprises a substrate 50, a gate electrode 51, a gate 
insulation film 53, an a-si layer 54, an etching stopper 55, 
an (N*a-Si) layer 56, and a source and drain electrode 57/58, 
which are layered on the substrate 50 in that order; gate and 
drain electrodes 51, 58 are formed integral to respective 
gate and drain lines 52, 59; an inter-layer insulation film 
60 is formed covering the TFT and associated respective 
electrode lines; a pixel electrode 62 is formed on inter- 
layer insulation film 60, connecting to source electrode 57 
via a contact hole 61. An opposing substrate (second 
substrate, comprising glass substrate 70 is provided opposing 
to the TFT substrate with a liquid crystal layer 80 there 
between; a common electrode is formed on glass substrate 70; 
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and an orientation control window 72 is formed in common ' 
electrode 71. m this example, a DAP- type LCD is used, in ' 
which the liquid crystal is in a nematic phase having 
negative dielectric constant anisotropy, and vertical 
alignment layers 63, 73 are formed on the surfaces of 
respective substrates. Orientation control window 72 is 
formed in a shape, substantially along diagonal lines of the 
pixel. 

Based on a similar analysis as that made for the first 
embodiment, this embodiment is characterized by application 
of an inter-layer insulation film 60 having a thickness of at 
least O.S^m, and preferably l U m or more. Separated by this 
film 60, pixel electrode 62 is positioned away from a TFT and 
associated electrode lines, having a sufficient distance in 
between. The orientation of liquid crystal molecules is less 
affected by the influence of electric fields generated by the 
TFT and associated lines, and therefore less disturbed. As a 
result , orientation control can effectively be performed 
around the edges of pixel electrode 62 and orientation 
control window 72. More specifically, as conceptually shown 
in Fig. is, the horizontal orientations of liquid crystal 
molecules are designated in the regions along the edges of 
respective pixels through sloped electric fields generated 
thereabout, and this designation is gradually made through 
electric fields generated around orientation control window 



27 



72 as it goes into an inner side of the pixel until a 
boundary of different orientation is fixedly defined on 
orientation control window 72. As a result, constant and 
preferable pixel dividing over the entire pixel is achieved, 
which enables a wider angle of visibility. 

♦ 

Embodiment 3 

Figs. 16, 17, 18, and 19 show the structure of a unit pixel 
for an LCD according to a third preferred embodiment of the 
present invention. Fig. i 6 is a plane view and Figs. 17, 18, 
and 19 are respective cross-sectional views along the lines 
C-C, D-D, and E-E in Pig. i 6 . In this embodlment/ on 
substrate 100, a drain electrode 101, a source electrode 102, 
and a drain line 103 all made of a low resistive metal, such 
as, cr, Al, Ta, no are formed. Drain electrode 101 and 
drain line 10 3 are integrally formed. Above these, an a L S i 
layer 104 and a gate insulation film 105 are formed in this 
sequence, forming a gate line 107 made of Al, etc. a part of 
gate line 107 constitutes a gate electrode 106, which is 
disposed on the drain electrode 101 and source electrode 102. 
These together constitute a TFT. Covering the TFT and 
associated electrode lines, an inter-layer insulation film 
108 is provided, with a contact hole cr formed throughout . 
This film 108 is made of material having planation 
characteristic, such as sog (spin on glass,, BP SG (bo ro- 
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Phospho silicate glass), etc. on inter-layer insulation fil m 
108, a pixel electrode 109 is formed using a conductive ' 
light-reflecting material, such as Al, which is connected' to 
source electrode 102 via contact hole CT, The entire surface 
of pixel electrode 109 is covered by a vertical alignment 
film 100 of a polymide or the like. 

Above the film loo, a liquid crystal layer 130 is provided, 
with a common electrode 121, made of ITO, further provided on 
the layer 130. i„ common electrode 121, an orientation 
control window 122 is made having no ITO electrodes formed 
therein. Common electrode 121 is formed on a transparent 
substrate 120, and a vertical alignment film 123, made of 
polymide, etc., is formed on the common electrode 121 so as 
to cover almost all the substrate 120. 

in this embodiment, the employed LCD is a DAP-type, in 
which the liquid crystal has negative dielectric constant 
anisotropy. its liquid crystal molecules 131 are controlled 
so as to have initial orientation in the ordinary direction 
of the substrate plane. This LCD, at the same time, is a 
reflection-type which employs a reflector electrode for a 
Pixel electrode 109. As a reflection-type LCD requires a 
flat pixel electrode 109, a planation insulation film is used 
for inter-layer insulation film, which is a base for pixel 
electrode ,09. Mthough a stagger-type TFT is employed here, 
in which gate electrode 106 is placed up an a-si layer to 
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ensure reduced entire height of the TFT, it is not limited tc 
this type, and a reversed stagger type may also be used. 

Similar to the first and second examples, a wide viewing 
angle can be secured in this example through controls on 
liquid crystal molecules through sloped electric fields 
generated around the edges of pixel electrode 109 and weak 
electric fields generated around the edges of orientation 
control window 122. ♦ 

in the third embodiment, as shown in Figs. 16 to 19, the 
TFT, associated electrode, and lines, 101, 102, 103, 106, 107 
are situated below pixel electrode 109, which almost fully 
covers them. This arrangement is effective in preventing 
uncontrolled electric fields generated by these electrodes 
and lines from affecting liquid crystal layer 130, resulting 
disturbance to the liquid crystal molecule orientation. 
Therefore, a large vertical distance is not required between 
Pixel electrode 109 and electrode lines in this arrangement, 
so that the problems stemming from use of a. thick inter-layer 
insulation film 108, including a decreased throughput and 
increased contact resistance between pixel electrode 109 and 
source electrode 102, can be solved. 

in this way, the amplitude of a signal and the strength of 
electric field generated are longer and stronger on the gate 
line side than on the drain line side. That is, liquid 
crystal is more disturbed on the gate line side. In order to 
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reduce such disturbance on the gate line side, a gate line 
(GATE) is situated below "the pixel electrode (PX1) with an 
inter-layer insulation film in between such that one end of 
the gate line (GATE) is positioned matched to that of the 
pixel electrode (PX1). Fig. 20 shows the result of 
simulation obtained using this structure, wherein a dotted 
line represents an equipotential line, and solid dashes 
represents a liquid crystal molecules. i„ this structure, 
the thickness of an inter-layer insulation, i.e., an inter- 
layer distance </? g) between a pixel electrode (Pxi) and a" 
gate line (GATE), is considered less than 1^, in this case, 
around O.S^m. This value is interpolated from the fact that, 
given an inter-layer insulation film 108 is 1.0/zm thick, the 
total film thickness of the TFT (see Fig. 17) or that of gate 
line 107, an a-Si layer 103, and a gate insulation film H 
(see Fig. i 8) are each around 0.5//m. Despite the small 
inter-layer distance /?g, the orientation of liquid crystal 
molecules within a pixel region is not adversely affected, 
though some distortion is recognized in eguipotential lines, 
in general, preferable orientation control is achieved here. 

Further, experience shows that the orientation of liquid 
crystal molecules is not affected by an electric field 
generated by a gate line (GATE) which is situated having one 
end projected from a region corresponding to pixel electrode 
(PXI, by an extent y, wherein the extent y is equal to or 
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less than a half of an inter-layer distance or an interval 
between pixel electrodes' (PX1, PX2). 



Embodiment 4 



Fig. 21 is a plane view showing a unit pixel for an LCD 
according to a fourth embodiment of the present invention. 
In this example, a rectangular pixel electrode 109 is 
employed. Accordingly, orientation control window 122 is 
formed having a linear part in a center region corresponding 
to around the inner part of pixel electrode 109. 

in the first, second, and third embodiments, none of the 
edges of pixel electrode 109 and a longitudinal direction of 
orientation control window 112 are parallel to each other. 
In such a structure, the continuum characteristic of liquid 
crystal alone maintains the continuity in orientation between 
liquid crystal molecules controlled to be directed 
perpendicular, in plane view, to the edge of pixel electrode 
109 and those to the edge of the orientation control window, 
in other words, a boundary may be caused between different 
orientations within the liquid crystal between the edges of 
Pixel electrode 109 and orientation control window 122. in 
order to eliminate such a boundary, a rectangular pixel 
electrode 109 is employed so as to create a long part of 
orientation control window 122 which runs parallel to the 
edges of pixel electrode 109. To be specific, orientation 
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control window 122 includes a linear part and branch parts, 
the linear part runs substantially parallel to any of the 
edges of pixel electrode 109, and branch parts extend 
continuously from the ends of the linear part towards 
respective corners of pixel electrode 109. As shown in Fig. 
22,. this arrangement guarantees a relatively large area in 
which controls begun from around the edges of orientation 
control window 112 and those from around the edges of pixel 
electrode 109 designate the same orientation, as compared to 
areas in which they do not. As a result, the orientation 
boundary which may be formed somewhere in the liquid crystal 
layer between the edges of pixel electrode 109 and 
orientation control window 122 becomes relatively less 
influential, and orientation control can be made in a 
preferable manner. 
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